Oil-in-water emulsions are widely used as lubricants in metal forming, machining and some machinery elements where non-flammable lubricants are required. Their lubricating mechanisms have been extensively investigated based on the measurements of film thickness and/or traction in the past few decades and a number of physical explanations for their performance have been forwarded. However, direct observation of the emulsion flow, as a direct method of evaluating suggested theoretical explanations, has been greatly restricted by the available instruments. In this paper, a newly devised digital video camera and microscope were used to directly observe the emulsion flow in EHL contacts at industrially relevant speeds for both line and point contacts. Previous lowspeed results for line contact were confirmed and extended into high-speed cases. That is, some droplets were rejected from the inlet, others penetrated to the contact zone, and others remained fixed in position a certain distance from the edge of contact. For point contact, side flow behavior was also observed, and the number of droplets that remained stationary were limited to a single streamline. To clarify the oil droplet behavior and investigate the effect of particle size on entrainment, three tight emulsions with different mean droplet sizes were examined on an EHD rig at speeds from 12 mm/s up to 1.5 m/s.
INTRODUCTION
The lubrication mechanisms with oil-in-water emulsions have been extensively investigated based on the measurements of film thickness and/or traction in the past few decades, and a number of theoretical explanations have been put forward. However, direct observation of the emulsion flow, as a method of evaluating suggested explanations, has been greatly restricted by the available instruments. Nakahara, et al. (1988) observed three types of oil droplets in the inlet region of the line contact with their setup: penetration droplets travel through the contact zone and provide lubrication; reverse droplets penetrate a certain distance into the inlet region and are then rejected; stay droplets maintain a fixed distance from the edge of contact for a extended period of time and then become either reverse droplets or penetration droplets. Unfortunately, Nakahara's experiments were carried out at very low speeds (up to 0.02 m/s) and the emulsions used had wide droplet size distributions. In this paper, a newly devised high-speed video camera (Olympus i-SPEED monochrome video camera) and a microscope (Olympus BX-FM) were used to directly observe the emulsion flow in the EHL inlet region over a wide range of speeds (0.012 m/s up to 1.5 m/s). Both line and point contacts were investigated. Three tight emulsions with different mean droplet sizes (2 µm, 5µm and 10 µm) were used to investigate the effect of droplet size on entrainment. Figure 1 shows some screen captures of the emulsion flow in EHL line contacts. As can be seen from the video clips, most oil droplets are rejected from the edge of the contact regardless of the droplet size and rolling speed. This is consistent with the simulation results of Yang, et al. (2005) , which suggests that all the oil droplets will migrate to the backflow region if the interdroplet collisions are ignored. The distance that the rejected droplets can travel into the inlet region reduces as the rolling speed increases. This is due to the resultant increase in the negative pressure gradient in the inlet flow. Water was observed to be trapped in the oil pool even at very low speeds, but was not found to penetrate the contact zone.
RESULTS AND DISCUSSION
The EHL point contact cases are shown in Fig. 2 , where the droplet behavior was found to be different from EHL line contacts. Most oil droplets escape the contact zone as side flow instead of being rejected as in line contact. Also, as opposed to line contact, where the stay droplets can be easily observed along a line at a certain distance from the edge of contact, there is only one point where a droplet can assume a stay location in the point contact inlet region. Water was not found in the oil pool, which is smaller than in the line contact.
The extent of the oil pool was carefully measured and plotted with respect to the rolling speed, droplet size and initial oil concentration (Fig. 3) . It can be seen that the size of the oil pool reduces roughly linearly with the increase in the rolling speed. The other two plots suggest that the effects of droplet size and initial oil concentration are less significant for larger droplets and higher oil concentrations. These plots were obtained from EHL line contact experiments, while similar results were found for EHL point contacts. It should be noted that the oil pools disappeared as the speeds were close to the plate-out -starvation transition by considering previous film thickness measurements of the same emulsions. 
